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Abstract: Many studies suggest that more crashes occur due to mixed traffic flow at unsignalized inter-
sections. However, very little is known about the injury severity of these crashes. The objective of this
study is therefore to investigate how contributory factors affect crash injury severity at unsignalized in-
tersections. The dataset used for this analysis derived from police crash reports from Dec. 2006 to Apr.
2009 in Heilongjiang Province, China. An ordered probit model was developed to predict the probabili-
ty that the injury severity of a crash will be one of four levels: no injury, slight injury, severe injury ,
and fatal injury. The injury severity of a crash was evaluated in terms of the most severe injury sus-
tained by any person involved in the crash. Results from the present study showed that different factors
had varying effects on crash injury severity. Factors found to result in the increased probability of seri-
ous injuries include adverse weather, sideswiping with pedestrians on poor surface, the interaction of
rear-ends and the third-class highway, winter night without illumination, and the interaction between
traffic signs or markings and the third-class highway. Although there are some limitations in the current
study, this study provides more insights into crash injury severity at unsignalized intersections.
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1 Introduction
Unsignalized intersections are the places where mixed
traffic flow consisting of motorized vehicles, non-mo-
torized vehicles, and pedestrians is prevalent in
China. The conflicts and interference in mixed traffic
flow are therefore concentrated, which lead to severe
crashes at unsignalized intersections. According to the
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latest traffic statistics, there are approximately 40% of
traffic crashes taking place at intersections, 28% of
traffic crashes at the unsignalized intersections (Wu et
a1. 2013). Crash frequency and injury severity are
two essential tasks of traffic safety analysts for under-
standing the relationship between crash occurrences
and contributory factors. At the unsignalized intersec-
tions, a large number of studies have focused on in-
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vestigating the crash frequencies (Poch and Manne-
ring 1996; Persaud et al. 2002; Retting et al. 2003;
Schepers et al. 2011). However, very few researches
have explored the crash injury severity at this kind of
intersection, especially in China.
So far, to our knowledge, there is almost only one
study conducted for examining crash injury severity at
unsignalized intersections (Haleem and Abdel-Aty
2010). The ordered probit, binary probit, and nested
logit models were employed to analyze crash injury
severity at three-legged and four-legged unsignalized
intersections in six counties in the state of Florida
from 2003 to 2006. They concluded that several traf-
fic and roadway covariates (such as traffic volume,
geometric factors, shoulder width, left tum move-
ment, and number of right and left tum lanes) had
different influences on crash injury severity. They al-
so suggested that the probabilities of fatal injury for
at-fault drivers aged 15-19 and 20-24 were much low-
er than other age groups.
Analysis of crash injury severity has been conduc-
ted based on different research subject units, which
include: taking each crash as the subject unit, the
crash injury severity is defined as the most severe in-
jury in the crash (Haleem and Abdel-Aty 2010; Zhu
and Srinivasan 2011a); taking each vehicle involved
in the crash as the subject unit, the injury severity of
each vehicle is also defined as the most severe injury
in such vehicle (Chang and Mannering 1999; Chang
and Wang 2006) ; taking each driver involved in the
crash as the subject unit, focusing on the driver's in-
jury severity (Kockelman and Kweon 2002; Abdel-
Aty 2003; Xie et al. 2012); taking the specific occu-
pant as the subject unit, such as the front and rear seat
occupant (Shimamura et al. 2005; Newgard 2008) ,
studying on the injury severity of the specific occu-
pant; taking each occupant involved in the crash as
the subject unit, focusing on the injury severity of
each occupant (Yamamoto arid Shankar 2004;
Christoforou et al. 2010; Eluru et al. 2010; Zhu and
Srinivasan 2011b) .
It is more useful to describe the overall injury severi-
ty of a crash by taking each occupant involved in the
crash as the research subject unit (Zhu and Srinivasan
2011 b). However, in fact, the most severe injury of a
crash is more reliably and accurately recorded than the
injury severities sustained by all occupants in the traffic
police crash reports (Shankar et al. 1996; Chang and
Mannering 1999). Therefore, this study takes each
crash as the research subject unit. The crash injury se-
verity is defined as the highest injury severity of the
crash, which is classified into the following four cate-
gories (levels): no injury, slight injury, severe inju-
ry, and fatal injury according to the records from Chi-
nese police crash reports.
Many statistical approaches have been employed to
examine the injury severity of the crash, such as
ordered logit/probit model (Eluru et al. 2008; Hal-
eem and Abdel-Aty 2010) , binary Iogit/probit model
(Haleem and Abdel-Aty 2010; Peek-Asa et al.
2010), heteroskedastic ordered probit model (Lemp
et al. 2011), multinomial and nested logit models
(Haleem and Abdel-Aty 2010 j Eluru 2013) , bivari-
ate ordered probit model (Yamamoto and Shankar
2004), bivariate generalized ordered probit model
(Chiou et al. 2013), and mixed logit model (Kim et
al. 2013). A more comprehensive review of models
available for examining crash injury severity can be
found in the literature (Mannering and Bhat 2014).
The ordered probit model is not only much easier to
interpret than other models, but also accounts for the
ordinal and categorical nature of the dependent varia-
ble (i. e. , crash injury severity). Furthermore, this
model also has considerable appeal as a result of being
parsimonious in the number of independent variables
(Zhu and Srinivasan 2011a). In view of these
vantages, the ordered probit model is applied for this
analysis.
Thus, the main goal of this study is to further in-
vestigate the effects on crash injury severity of envi-
ronmental, roadway, and crash characteristics factors
(including factors not considered in the previous
study) at unsignalized intersections in Heilongjiang
Province, China. The remainder of this study is or-
ganized as follows. Data sources and variables de-
scription are presented in Section 2. The ordered
probit model is briefly introduced in Section 3. The
model results are presented in Section 4 and discussed
in Section 5. Finally, Section 6 gives conclusions and
presents the area of future study.
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2 Data
Data from the Heilongjiang Department of Traffic Po-
lice from Dec. 2006 to Apr. 2009 were used for the
analysis in this study. The information provided in-
cludes data on the injury severity of each crash-
involved occupant, crash characteristics, and environ-
mental conditions occurring at unsignalized intersec-
tions. Unfortunately, the available police crash report
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is limited. The crash data at intersections without spe-
cific traffic control pattern were excluded. There are
1913 crashes in the final dataset, which is comprised
of 134 property damage only crashes, 1075 slight in-
juries, 248 severe injuries, and 456 fatal injuries.
Tab. 1 presents the explanatory variables included in
this study, Xl -Xl 8 are the indicator variables for cra-
shes occurred in different situations.
Variable
X 2
x"
XI2
X
, 6
Tab. 1 Description of explanatory variables considered in model
Description of variable
X I = 1 if the crash occurred in winter. 0 for otherwise
x2 = 1 if the crash occurred in spring. 0 for otherwise
x3 =1 if the crash occurred in autumn, 0 for otherwise
x4 = 1 if the crash took place during adverse weather (such as raining, snowing. and fog) , 0 for otherwise
Xs = 1 if the crash took place under the visibility <50 m, 0 for otherwise
x" =1 if the crash took place under the visibility 50-100 m, 0 for otherwise
X 7 = 1 if the crash took place under the visibility 100-200 m , 0 for otherwise
x. = 1 if the crash was a head-on collision, 0 for otherwise
x" = 1 if the crash was an angular collision. 0 for otherwise
X10 =1 if the crash was a rear-end collision. 0 for otherwise
XII =1 if the involved vehicle sideswiped with one pedestrian, 0 for otherwise
X 12 = 1 if the intersection was controlled by traffic signs or markings. 0 for otherwise
X I3 =1 if the crash happened on poor surface, 0 for otherwise
X I4 =1 if the crash occurred on the second-class highway, 0 for otherwise
XIS =1 if the crash occurred on the third-class highway. 0 for otherwise
X 16 =1 if the crash happened on the urban road, 0 for otherwise
X 17 = 1 if the crash occurred during daylight, 0 for otherwise
XI' =1 if the crash took place at night without illumination, 0 for otherwise
Mean S.D.
0.249 0.433
0.292 0.455
0.159 0.366
0.093 0.290
0.070 0.254
0.170 0.376
0.169 0.375
0.245 0.430
0.493 0.500
0.085 0.278
0.067 0.251
0.386 0.487
0.132 0.339
O.123 0.328
0.070 0.254
0.531 0.499
0.685 0.465
0.127 0.333
(2)
3 Method
The general specification of the ordered probit model
is defined as (Quddus et al. 2002)
y;* =XJ3 + 8; (l )
where y;* is an unobserved variable measuring the in-
jury severity of the i th crash; X; denotes a (1 x k)
vector of observed explanatory variables describing
the roadway, crash, and environment; 13 denotes a
(k x 1) vector of parameters to be estimated; 8; is a
random error term, which is assumed to follow a
standard normal distribution.
The observed and ordinal discrete injury severity
can be determined from the model as follows (Qud-
dus et al. 2002)
1
1 yt ~,ul (no injury)
y; = 2 ,ul < Y;* ~,uz (slight injury)
3 ,uz < Y;* ~,u3 (severe injury)
4 Y;* > ,u3 (fatal injury)
where the thresholds, ,ul , ,uz, and u, are estimated
along with the parameter vector 13.
Hence, the probabilities related to the specific re-
sponses of an ordered probit model are expressed as
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follows
{
CP (JLI - X/3) no injury
PjU) = cp(JL1.-X/3) -cp(JLI- X;/3) slight injury (3)
cp(1kJ - X/3) - cp(JL1. - Xjf3) severe injury
1- cp(1kJ - X/3) fatal injury
where Pj(j) is the probability of injury severity j(j =
1 , 2, 3, 4) of the ith crash; 'P( • ) is the standard
normal cumulative distribution function.
In this model, the estimated parameters are inter-
preted. Positive parameters indicate higher injury se-
verity as a unit increase in corresponding variables,
whereas negative parameters show the inverse results
(Kockelman and Kweon 2002). However, there are
four possible injury severity outcomes of the current
model. The effect of a variable on the injury severity
outcome likelihood cannot be completely interpreted
by directly viewing only the estimated parameter, be-
cause a positive coefficient may in fact lead to a re-
duction in the probability of one injury severity cate-
gory (Kim et al. 2013). It is therefore more helpful
to examine the marginal effect of each variable on the
likelihoods of different injury severity categories.
All observed independent variables are binary varia-
bles in this study. The direct pseudo-elasticity is com-
puted to examine the change in estimated likelihood of
injury severity when the indicator variable switches
from 0 to 1. It is defined as (Mouyid and Hernandez
2012; Kim et al. 2013)
Efj<i) =
Xik
Pj(j)[givenxjk = I] -PjU) [given X ik -0] (4)
P j (j) [given X ik =0]
where X jk is the kth indicator variable for the ith crash.
Hence, there is a direct pseudo-elasticity for each
observation (crash). The average direct pseudo-elas-
ticity is estimated and reported to represent the whole
dataset. For example, -0. 91 average direct pseudo-
elasticity of a particular probability with respect to an
indicator variable suggests that the probability decrea-
ses by 91% on average due to the variable switching
from 0 to 1.
4 Results
The estimation results for the ordered probit model
are displayed in Tab. 2. Significance was assessed
when ex is O.05. The Chi square test result of likeli-
hood ratio and McFadden's pseudo R2 suggest that
this model fits the data well. The average direct
pseudo-elasticity of a certain explanatory variable on
the probability of each injury severity level is presen-
ted in Tab. 3. These results can help to interpret the
model results.
Winter was associated with a decrease of the proba-
bility of serious injury in crashes (fatal injury decrea-
ses by 24. 27% , severe injury decreases by 11. 27% ,
slight injury increases by 8.59%, and no injury in-
creases by 48. 07% ). The similar result was obtained
in spring. Adverse weather (such as raining, sno-
wing, and fog) significantly increased the likelihood
of fatal injury and severe injury (56. 50% and
15.38%, respectively). If the crash occurred on
poor surface, it was less likely to produce serious in-
juries (fatal injury decreases by 24. 34 % , severe inju-
ry decreases by 11. 57%, slight injury increases by
8. 12% , and no injury increases by 46.92%) com-
pared to dry surface.
There were no significant differences among the
probabilities of injury severity levels, if crashes took
place at unsignalized intersections with traffic signs or
markings. So did the injury severity of crashes happen-
ing at unsignalized intersections of the third-class high-
ways. However, the interaction of traffic signs or
markings and the third-class highways was found to
significantly increase the injury severity in crashes (fa-
tal injury increases by 69.41 % and severe injury in-
creases by 15.75%). Crashes in the urban settings
were less injurious (no injury increases by 90. 92% ,
slight injury increases by 15.87%, severe injury de-
creases by 15.79%, and fatal injury decreases by
34.98%) than rural area. No significant differences
about the likelihoods of injury severity levels were
found during daylight, whereas the interaction between
daylight and adverse weather was found to significantly
reduce the odds of fatal injury and severe injury in cra-
shes. Although the factor of night without illumination
did not significantly influence the probability of each
injury severity level, there was an interaction effect of
winter and night without illumination. This leaded to a
higher probability of increased injury severity as com-
pared to other seasons or light conditions.
Angular collisions were less injurious than other
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crash types. Rear-end collisions occurring at unsignal-
ized intersections of the third-class highways were
more likely to produce fatal injuries (fatal injury in-
creases by 240.29%) compared to head-on, angular
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collisions and sideswiping. The joint effect of side-
swiping with pedestrians and poor surface was associ-
ated with an increase of the likelihood of severe injury
and fatal injury.
Explanatory variable
Tab.2 Ordered probit estimates for crash injury severity
Coefficient S.E. p-value
Winter
Spring
Adverse weather
On poor surface
Traffic signs or markings
On the third-class highway
Traffic signs or markings on the third-class highway
On urban road
During daylight
Adverse weather during daylight
Night-unlighted
Winter night-unlighted
Angular collision
Rear-end collision
Rear-end collision occurred on the third-class highway
Sideswiping with pedestrians
Sideswiping with pedestrians on poor surface
ILl
Number of observations
Null deviance
Of. null
Residual deviance
Of. residual
Likelihood ratio (LR)
Dchisq ( LR. Of. null-Of. residual)
McFadden's pseudo
AIC (Akaike's information criterion)
-0.203 0.069
-0.208 0.062
0.371 0.165
-0.203 0.093
-0.005 0.056
-0.093 0.136
0.455 0.220
-0.327 0.056
-0.033 0.071
-0.582 0.191
-0.070 0.103
0.436 0.206
-0.250 0.057
-0.041 0.103
1.488 0.445
-0.163 0.118
0.640 0.285
-1. 983 0.097
-0.109 0.088
0.288 0.088
1913.000
4272.735
1910.000
4136.739
1893.000
135.996
5. 812E -21
0.032
4176.739
0.003
0.00]
0.025
0.030
n. s.
n. s.
0.039
<0.0001
n. s.
0.002
n. s.
0.035
<0.000]
n. s.
0.00]
n. s,
0.025
Note: S. E. denotes standard error; n. s. indicates no significant found; Of. stands for degree of freedom.
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Explanatory variable Fatal injury Severe injury Slight injury No injury
Winter -24.27 -11. 27 8.59 48.07
Spring -24.60 -11. 34 8.91 49.48
Adverse weather 56.50 15.38 -18.64 -54.03
On poor surface -24.34 -11. 57 8.12 46.92
Angular collision -28.11 -12.53 11.62 63.22
On urban road -34.98 -15.79 8.12 46.92
Rear-end collision occurred on the third-class highway 240.29 -24.37 -77.83 -97.95
Adverse weather during daylight -58.80 -36.75 15.77 177.34
Sideswiping with pedestrians on poor surface 101. 00 15.57 -35.28 -76.09
Winter night-unlighted 66.42 15.44 -23.09 -60.86
Traffic signs or markings on the third-class highway 69.41 15.75 -24.05 -62.37
5 Discussion
It is found that season variables significantly influ-
enced crash injury severity at unsignalized intersec-
tions. There is always the adverse weather (i. e. ,
snowing and fog) during winter and spring in Hei-
longjiang Province. Under such condition, drivers
travel on the road with more caution. Moreover, ve-
hicles are equipped with special tires for preventing
slipperiness. Crashes at unsignalized intersections are
therefore less likely to produce severe injuries. Ad-
verse weather increased the probability of fatal injury
and severe injury, which can be interpreted with the
visibility. The drivers could not notice the situations
in front of their vehicles in time and effectively avoid
collisions with other vehicles or objects due to poor
visibility in that environment.
Crashes happened on poor surface were less likely
to result in serious injury as compared to the dry sur-
face. This is in line with the literature (Chang and
Mannering 1999). These results are attributed to the
truth that the poor surface may alert drivers to slow
down and keep enough spaces between their vehicles
and other vehicles. They may also make a tum prop-
erly at the unsignalized intersection under such situa-
tion. Nevertheless, it should be much more beneficial
for driving safety through making the road pavement
dry, especially cleaning the snow in winter.
In the urban settings, the vehicles move slowly due
to complex traffic condition (mixed traffic flow).
Thus, we postulate that there should be more crash
frequency. However, fewer fatal or severe injuries
were found to take place because of low operation
speed. This result indeed demonstrates the previous
finding in other studies (Abdel-Aty 2003; Haleem
and Abdel-Aty 2010) .
The result from the model shows that angular colli-
sions were more likely to reduce the likelihood of fatal
injury and severe injury than other collision types,
which needs to be interpreted with caution. The mean
(0.493) of the angular collision variable was found
to be the highest among manners of collision, indica-
ting more frequency of this kind of crash type at un-
signalized intersections. It can be postulated that an-
gular collision are more likely to cause the vehicle
damage under the mixed traffic flow condition. This
result is therefore inconsistent with the existing litera-
ture (Abdel-Aty and Keller 2005) which reported that
an angular collision increases the injury severity at
signalized intersections.
A rear-end collision was found to be insignificant in
the crash injury severity. Nonetheless, it significantly
leaded to a higher level of injury at unsignlized inter-
sections of the third-class highways as compared to
other crash types. Similar estimation results were ob-
tained in previous studies (Kockelman and Kweon
2002; Abdel-Aty and Keller 2005; Chiou et al.
2013). There may be two reasons for the increased
injury severity in rear-end collisions on the third-class
highway. One reason is likely that drivers of follow-
ing vehicles maintain an unsafe distance from the front
vehicles (Chiou et al. 2013). Another reason is pos-
sibly that drivers are more likely to speed up on ac-
count of lack of surveillance and the traffic police pa-
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trol on the third-class highways. This is probably also
the reason for an increase in the likelihood of serious
injury in crashes occurring at the intersections with
traffic signs or markings on the third-class highways.
The model result also shows that sideswiping with
pedestrians on poor surface was more likely to result
in a higher injury level, which is in agreement with
that in another study (Abdel-Aty and Keller 2005).
There are many factors contributing to this finding.
Most pedestrians cross the street without looking ade-
quately for oncoming vehicles due to lack of safety
awareness. Some of them even never walk the zebra
crossing at the approaches of the intersection and put
themselves in danger. The vehicle may cannot com-
pletely brake because of low fiction coefficient on
poor surface and ineffectively avoid a collision with a
pedestrian.
There are two interaction terms of light condition
factors and other variables in the model, which also
affect the injury severity of the crash at unsignlized in-
tersections. The significant reduction in the probabili-
ty of severe injuries under the adverse weather condi-
tion during daylight may be attributed to the fact that
drivers are more attentive and aware in driving in such
condition. However, winter night without illumina-
tion was associated with a higher likelihood of serious
injury than other conditions. Many studies (Abdel-
Aty 2003; Wang and Kockelman 2005; Haleem and
Abdel-Aty 2010; Chiou et al. 2013) come to a simi-
lar conclusion that a poor light condition leads to in-
creased injury severity. Under this condition, drivers
always have insufficient reaction time to avoid serious
crashes due to the poor visualization, especially at a
snowing night in winter.
6 Conclusions
This study investigated the injury severity of the crash
at unsignalized intersections. The ordered probit mod-
el has been applied to analyze the effect of contributo-
ry factors on the crash injury severity levels (defined
as the highest injury severity of the crash, including
no injury, slight injury, severe injury, and fatal inju-
ry). The marginal effects of the significant explana-
tory variables on the probabilities of different injury
severity categories were also calculated by using the
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direct pseudo-elasticity.
An increase in the probability of serious injury is
associated with adverse weather, rear-end collisions
occurring on the third-class highways, sideswiping
with pedestrians on poor surface, winter night without
illumination, and the interaction of traffic signs or
markings and the third-class highway. A decrease in
the likelihood of fatal injury and severe injury is relat-
ed to winter, spring, poor surface, urban settings,
angular collision, and adverse weather during day-
light.
There are some limitations in this study owing to
the data sources and approach used for the analysis.
The present study is based on the police crash report.
Some significant variables, such as traffic volume,
intersection geometric factors, number of tum move-
ment, and proportions of different vehicle types, are
not included in the reports. The detailed information
about the crash is limited due to the crash report form
( simple and not standardized) and insufficient profes-
sional abilities of some policemen. In addition to the
limited information in police crash report, the method
used for the current study only considers the most se-
vere injury of a crash. This is limited in a comprehen-
sive description of the injury severity of each person
involved in the crash. Further studies could solve the
abovementioned problems with the updates in the po-
lice crash report form and using some more powerful
methods. However, this study obtains more insights
into the crash injury severity for conceiving mitigation
strategies of traffic crashes at unsignalized intersec-
tions.
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